We study the dynamics of intracellular calcium oscillations in the presence of proteins that bind calcium on multiple sites and that are generally believed to act as passive calcium buffers in cells.
We describe the dynamics of Ca 2+ reversible binding to CaL with the following differential system, which is formally the same that we used in a previous study of multisite protein modification ( [7, 8] ; see also [9] for a derivation of these equations): [12] , which is sketched in fig.1 (For recent reviews, see also [3, 6] and references therein).
The CICR model must be complemented by a stochastic term because the process of Ca 2+ wave generation is intrinsically noisy [13, 14] . Evidence of intracellular noise comes from direct inspection of sampled time-series in different cell types at the mesoscopic scale as well as from experimental work which shows that, in the microscopic domain, Ca 2+ waves originate from discrete random events, called puffs, occurring at specific sites in the cells and composed of a small number of Ca 2+ ions. Several puffs cooperate to the formation of a supercritical nucleus that initiatiates a Ca 2+ wave. The probabilistic character of nucleation introduces variability into the wave period, with a standard deviation which has been experimentally estimated to reach values up to 40% [14] . Thus, internal noise in Ca
2+
dynamics cannot be neglected, and we introduce a stochastic term (as in [15, 17] that leads to the following stochastic differential system for the driving function f = f ([Ca 2+ ], t):
where
] p ) and ξ(t) is Gaussian white noise with zero mean and variance D.
In these equations (see also fig.1 into the extracellular medium. The exponents n = m = 2 and p = 4 denote the Hill coefficients characterizing these processes.
The parameter β regulates the saturation of the IP3 receptor and acts as the control parameter which sets the level of the stimulus and varies from 0 to 1. We also introduce a parameter τ ≥ 1 s that scales the rates v 0 , V 1 , V M 2 , V M 3 , k f and k. In this way we can tune the Ca 2+ period of the CICR oscillator to match oscillations observed in real experiments.
We use equations (1) and (2) to investigate numerically the dynamic interplay between Ca 2+ , Ca 2+ -binding proteins and noise in the cell. We integrate the stochastic differential system with the Euler-Maruyama algorithm [16] , and for stability reasons we take a short integration time step ∆t = 0.001s.
Before studying the influence of internal noise, we investigate the deterministic system's However, fluctuations of Ca 2+ concentration due to internal noise allow the system to cross the threshold again and oscillate even in the presence of supercritical CaL concentrations ( fig.3 ). One feature of the simulation outputs in fig.3 is that they are strikingly similar to time series sampled in real cells [18] . In these experiments, Ca 2+ spikes have been observed to occur randomly, and the average interspike interval T measured independently for hundreds of cells is correlated to the standard deviation σ in a rather broad range of T values [18] . We find the same result in our simulations ( fig.3 ).
Thus, both experiments and the numerical results shown in fig.3 , suggest that noiseinduced Ca 2+ spiking and spiking periodicity depend on noise variance, and moreover the observed correlation between noise variance and oscillation frequency also suggest that what we are witnessing here is a form of stochastic coherence [17] . As in [17] we study this aspect using the regularity parameter R, which is the ratio between the average and standard deviation of the interspike interval (the "period" of the oscillations):
As already noted in [17] , the reciprocal of this quantity is just the "coefficient of variation" often used in neuroscience as an estimator of the regularity interspike intervals. In our simulations (see fig.4 ) we find that regularity peaks at a given noise variance, and that the position of the peak also depends on the CaL concentration. Thus the whole system displays stochastic coherence, and proteins that bind Ca 2+ ions on multiple sites can tune Ca with extracellular Ca 2+ , the efflux of cytosolic Ca 2+ from the cell and passive leak of Ca 2+ from the store Y into the cytosol. More details can be found in [3] . This classical scheme is modified here to take into account the action of Ca 2+ protein buffers such as calbindin (CaL) that binds Ca 2+ ions on multiple sites. Binding follows the law of mass action and is described by rates k on and k of f . Finally, in our model cytosolic Ca 2+ fluctuates because of internal noise. 
